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(54) Shift actuator for a transmission 

(57) A shift actuator for a transmission for turning, 
in a direction of shift, a shift lever support mechanism 
(35) mounting the shift lever (37) of the transmission, 
wherein it comprises an operation lever (90) coupled, at 
its intermediate portion, to said shift lever support mech- 
anism (35), a first electromagnetic solenoid (70) and a 
second electromagnetic solenoid (80) which are each 



coupled to both ends of said operation lever (90) so as 
to operate in the upward and downward directions; and 
an operation rod (72a) of said first electromagnetic so- 
lenoid (70) is coupled to one end of said operation lever 
(90) and an operation rod (82a) of said second electro- 
magnetic solenoid (80) is coupled to the other end of 
said operation lever (90), 
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Description 

Field of the Invention 

[0001 ] The present invention relates to a shift actuator 5 
for a transmission for operating a shift lever of the trans- 
mission mounted on a vehicle in a direction of shift. 

Description of the Related Art 

10 

[0002] As a shift actuator of a transmission for oper- 
ating a shift lever of the transmission in a direction of 
shift there is usually used a fluid pressure cylinder using 
a fluid pressure such as pneumatic pressure or hydrau- 
lic pressure as a source of operation. The shift actuator is 
employing the hydraulic cylinder requires a piping for 
connection to a source of fluid pressure and an arrange- 
ment of an electromagnetic change-over valve for 
changing over the flow passage of the operation fluid, 
and requires space for arranging the above compo- 20 
nents, resulting in an increase in the weight of the device 
as a whole. 

[0003] In recent years, there has been proposed an 
electric motor-type actuator as a shift actuator for a 
transmission mounted on a vehicle which is provided 25 
with neither a source of compressed air nor a source of 
hydraulic pressure. The shift actuator comprising the 
electric motor can be constituted in a compact size as 
a whole and in a reduced weight since it needs neither 
the pipe for connection to the source of hydraulic pres- 30 
sure nor the electromagnetic change-over valve unlike 
the actuator that uses a fluid pressure cylinder. 
[0004] Meanwhile, the actuator using the electric mo- 
tor requires a speed reduction mechanism for obtaining 
a predetermined operation force. As the speed reduc- 35 
tion mechanisms, there have been proposed the one us- 
ing a ball-screw mechanism and the one using a gear 
mechanism. However, the actuators using the ball- 
screw mechanism and the gear mechanism are not nec- 
essarily satisfactory in regard to durability of the ball 40 
screw mechanism and of the gear mechanism and in 
regard to durability and the operation speed of the elec- 
tric motor. 

[0005] As a source of driving the shift actuator capa- 
ble of operating the shift lever in the direction of shift *s 
without using the speed reduction mechanism, the 
present applicant has proposed a gear change device 
using an electromagnetic solenoid in Japanese Patent 
Application No. 2001-183470. 

[0006] As a shift actuator for a transmission having so 
excellent durability and a high operation speed, the 
present applicant has further proposed the one compris- 
ing an operation rod that engages with an operation 
member coupled to the shift lever of the transmission, 
a magnetic moving member arranged on the outer pe- 55 
ripheral surface of the operation rod, a cylindrical fixed 
yoke arranged to surround the magnetic moving mem- 
ber, and a pair of coils arranged side by side in the axial 



direction inside the fixed yoke in Japanese Patent Ap- 
plication No. 2001-13163. 

[0007] However, the electromagnetic solenoid has a 
moving iron core having a large mass that operates in 
the axial direction and hence, the moving iron core is 
affected by its own gravity and by the acceleration of the 
vehicle. Besides, the operation rod and the magnetic 
moving member have large masses which are subject 
to be affected by the gravity and the acceleration of the 
vehicle. Therefore, the operation force undergoes 
change depending upon the arrangement of the sh ift ac- 
tuator and the operation condition of the vehicle,. That 
is, the shift actuator mounted on the vehicle is usually 
arranged on a horizontal plane. Therefore, the moving 
iron core of the electromagnetic solenoid, the operation 
rod and magnetic moving member are affected by the 
acceleration in their respective directions and by the 
gravity when the vehicle is traveling on a slope or is ac- 
celerating or decelerating. Therefore, the shifting force 
may often become insufficient when the operation force 
is decreased depending upon the operation conditions. 

SUMMARY OF THE INVENTION 

[0008] It is, therefore, an object of the present inven- 
tion to provide a shift actuatorf or a transmission capable 
of producing a constant shifting force at all times without 
being affected by gravity or acceleration. 
[0009] In order to accomplish the above-mentioned 
object according to the present invention, there is pro- 
vided a shift actuator for a transmission for turning, in a 
direction of shift, a shift lever support mechanism 
mounting the shift lever of the transmission, wherein: 

it comprises an operation lever coupled, at its inter- 
mediate portion, to said shift lever support mecha- 
nism, the first electromagnetic solenoid and the 
second electromagnetic solenoid which are each 
coupled to both ends of said operation lever so as 
to operate in the upward and downward directions, 
and 

an operation rod of said first electromagnetic sole- 
noid being coupled to one end of said operation le- 
ver and an operation rod of said second electro- 
magnetic solenoid being coupled to the other end 
of said operation lever. 

[0010] The shift lever support mechanism is arranged 
nearly in a horizontal state, and the first electromagnetic 
solenoid and the second electromagnetic solenoid are 
arranged below the shift lever support mechanism. 
[0011] According to the present invention, there is, 
further, provided a shift actuator for a transmission for 
turning, in a direction of shift, a shift lever support mech- 
anism mounting the shift lever of the transmission, 
wherein: 

it comprises an operation lever coupled, at its inter- 
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mediate portion, to said shift lever support mecha- 
nism, the first actuator and the second actuator 
which are each coupled to both ends of said oper- 
ation lever so as to operate in the upward and down- 
ward directions; and 5 
each of said first actuator and said second actuator 
comprises an operation rod coupled to said opera- 
tion lever, a magnetic moving member arranged on 
the outer peripheral surface of said operation rod, 
a cylindrical fixed yoke arranged to surround said 10 
magnetic moving member, and a pair of coils ar- 
ranged side by side in the axial direction inside said 
fixed yoke. 

[0012] The shift lever support mechanism is arranged 15 
nearly in a horizontal state, and the first actuator and 
the second actuator are arranged below the shift lever 
support mechanism. 

[0013] It is desired that the magnetic members are ar- 
ranged on both sides of the pair of coils and that the 20 
magnetic members are arranged in the bobbins on 
which the pair of coils is wound. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

[0014] 

Fig. 1 is a plan view illustrating, partly in a cut-away 
manner, an embodiment of a gear change device 
equipped with a shift actuator constituted according 30 
to the present invention; 

Fig. 2 is a sectional view along the line A-A in Fig. 1 ; 
Fig. 3 is a view illustrating the operation of a select 
actuator that constitutes the gear change device 
shown in Fig. 1; 35 
Fig. 4 is a sectional view along the line B-B in Fig. 1 ; 
Fig. 5 is a sectional view illustrating another embod- 
iment of a shift actuator constituted according to the 
present invention; 

Fig. 6 is a view illustrating the operation of the shift 40 
actuator shown in Fig. 5; and 
Fig. 7 is a diagram illustrating the driving forces of 
the shift actuator shown in Rg. 5. 

DETAILED DESCRIPTION OF THE PREFERRED 43 
EMBODIMENTS 

[0015] The shift actuator for a transmission constitut- 
ed according to the present invention will now be de- 
scribed in further detail with reference to the accompa- so 
nying drawings illustrating preferred embodiments of 
the invention. 

[0016] Fig. 1 is a plan view illustrating, partly in a cut- 
away manner, an embodiment of the gear change de- 
vice equipped with a shift actuator constituted according 55 
to the present invention, Fig. 2 is a sectional view along 
the line A-A in Fig. 1 , and Fig. 4 is a sectional view along 
the line B-B in Fig. 1 . 



[0017] The illustrated gear change device 2 is consti- 
tuted by a cylindrical casing 3 for supporting a shift lever 
that will be described later a select actuator 4 mounted 
on the casing 3 and a shift actuator 7 constituted ac- 
cording to the present invention. The casing 3 is 
equipped with a select actuator-mounting portion 31 on 
a side portion (upper side portion in Fig. 1) at one end 
thereof (right end in Figs. 1 and 2), and a shift actuator- 
mounting portion 32 on a lower side portion (lower side 
in Fig. 2) at one end thereof (right end in Figs. 1 and 2). 
Further, an opening 33 is formed in the central lower por- 
tion of the casing 3. 

[0018] A control shaft 35 is turnably arranged in the 
casing 3 constituted as described above. That is, the 
control shaft 35 is supported at its one end (right end in 
Figs. 1 and 2) by a bearing 361 turnably arranged at one 
end of the casing 3, and is supported at its other end 
(left end in Figs. 1 and 2) by a bearing 362 turnably ar- 
ranged at the other end of the casing 3. A shift lever 37 
is mounted on the control shaft 35. The shift lever 37 
comprises a mounting portion 371 having a hole that fits 
to the control shaft 35, and a lever portion 372 formed 
to protrude in the radial direction from the mounting por- 
tion 371 . Referring to Fig. 2, the lever portion 372 is ar- 
ranged penetrating through an opening 33 formed in the 
lower part of the casing 3. An internal spline 371a is 
formed in the inner peripheral surface of a hole, into 
which the control shaft 35 will fit, of the mounting portion 
371 of the shift lever 37, and is spline-fitted to an exter- 
nal spline 351 formed on the central portion oHhe con- 
trol shaft 35 so as to slide in the axial direction. Thus, 
the control shaft 35 supports the shift lever 37 to allow 
it to slide in the axial direction, is supported by the casing 
3 so as- to be allowed to turn and, further, works as a 
shift lever support mechanism to support the shift lever 
37 arranged in the casing so as to allow it to slide in the 
axial direction and to allow it to turn. In the illustrated 
embodiment, the control shaft 35 working as a shift lever 
support mechanism is arranged nearly horizontally in 
the casing 3. 

[0019] As described above, the shift lever 37 is sup- 
ported, by the control shaft 35 as a shift lever support 
mechanism, so as to be allowed to slide in the axial di- 
rection and to turn. An end of a lever portion 372 comes 
into suitable engagement with the shift blocks 301 , 302, 
303 and 304 that are arranged at the first select position 
SP1 , at the second select position SP2, at the third se- 
lect position SP3 and at the fourth select position SP4 
and that constitute a shift mechanism of a transmission 
(not shown). In the illustrated embodiment, the first se- 
lect position SP1 is set at a reverse gear-first gear select 
position, the secondselect position SP2 is set at the sec- 
ond gear-third gear select position, the third select po- 
sition SP3 is set at the fourth gear-fifth gear select po- 
sition, and the fourth select position SP4 is set at a sixth 
gear select position. 

[0020] Next, the select actuator 4 for operating the 
shift lever 37 in the direction of select which is the axial 
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direction, will be described with reference chiefly to Fig. 

[0021] The select actuator 4 of the illustrated embod- 
iment comprises an electromagnetic solenoid 40 which 
works as a source of drive and a select operation mech- 
anism 50 which is actuated by the electromagnetic so- 
lenoid 40 to operate the shift lever 37. The electromag- 
netic solenoid 40 comprises a cylindrical casing 41 
mounted on the select actuator-mounting portion 31 by 
a fitting means 401 such as bolts, an electromagnetic 
coil 42 arranged in the casing 41 , a fixed iron core 43 
arranged in the electromagnetic coil 42, a moving iron 
core 44 arranged coaxially with the fixed iron core 43 
facing one end surface (upper end surface in Fig. 1) of 
the fixed iron core 43, an operation rod 45 mounted on 
the moving iron core 44, and a cover 46 mounted on 
one end (upper end in Figs. 1 and 2) of the cylindrical 
casing 41. 

[0022] The cylindrical casing 41 has, at one end there- 
of (upper end in Fig. 1), an end wall 411 having a hole 
41 2 at the central portion thereof and is open at the other 
end thereof (lower end in Fig. 1). The electromagnetic 
coil 42 is wound on an annular bobbin 47 made of a non- 
magnetic material such as a synthetic resin or the like, 
and is arranged along the inner periphery of the casing 
41 . The fixed iron core 43 is formed of a magnetic ma- 
terial, has a flange portion 431 at the other end thereof 
(lower end in Fig. 1), and is mounted on the other end 
of the casing 41 (on the lower end in Fig. 1) viatheflange 
portion 431 . The moving iron core 44 is formed of a mag- 
netic material, and is constituted to come into contact 
with, and separate away from, the fixed iron core 43 in 
the axial direction. The operation rod 45 is formed of a 
nonmagnetic material such as a stainless steel or the 
like and has, at one end thereof (upper end in Fig. 1), a 
small-diameter portion 451 . The small-diameter portion 
451 of the thus constituted operation rod 45 is inserted 
in the hole 441 formed at the central portion of the mov- 
ing iron core 44 and is caulked at its one end to mount 
the operation rod 45 on the moving iron core 44. The 
other end of the operation rod 45 thus mounted, at its 
one end, on the moving iron core 44, is arranged at its 
other end penetrating through the hole 432 formed in 
the central portion of the fixed iron core 43, so as to slide 
in the axial direction and is so constituted as to enter 
into, and come out from, a select operation mechanism 
accommodation chamber 313 provided by the side of 
the casing 3. The other end of the operation rod 45 is 
provided with a ball joint 452. The cover 46 is mounted 
on one end of the casing 41 by using screws 48 to cover 
one end of the casing 41 and one end of the moving iron 
core 44. 

[0023] Next, the select operation mechanism 50 will 
be described. 

[0024] The select operation mechanism of the illus- 
trated embodiment is accommodated in the select op- 
eration mechanism accommodation chamber 313, and 
has the first lever 51 , the second lever 52, the third lever 



53 and the fourth lever 54. The first lever 5 1 is mounted, 
at its one end, on a support shaft 55 that is arranged in 
the upward and downward directions (direction perpen- 
dicular to the surface of the paper in Fig. 1). and is sli- 
5 dably coupled, at its other end, to a ball joint 452 pro- 
vided at the other end of the operation rod 45 of the elec- 
tromagnetic solenoid 40. The second lever 52 is mount- 
ed, at its one end, on the support shaft 55 and has an 
engaging pin 56 at the other end. The third lever 53 is 
10 mounted, at its one end, on a support shaft 57 arranged 
in the upward and downward directions (direction per- 
pendicular to the surface of the paper in Fig. 1 ) and has 
an elongated hole 531 formed in the other end portion 
thereof. To the elongated hole 531 is fitted an engaging 
'5 pin 56 that is attached to the other end of the second 
lever 52. The fourth lever 54 is mounted, at its one end, 
on the support shaft 57 and has an operation portion 
541 formed at the other end thereof, which, as shown 
in Fig. 2, is fitted to an engaging groove 371b formed in 
20 the mounting portion 371 of the shift lever 37. 

[0025] The electromagnetic solenoid 40 and the se- 
lect operation mechanism 50 constituting the select ac- 
tuator 4 of the illustrated embodiment are constituted as 
described above. When an electric current is fed to the 
25 electromagnetic coil 42, the fixed iron core 43 is mag- 
netized and the moving iron core 44 is attracted by the 
fixed iron core 43, whereby the moving iron core 44, i. 
e. t the operation rod 45 produces a thrust toward the 
downward direction in Fig. 1. The magnitude of the 
30 thrust produced by the moving iron core 44, i.e., pro- 
duced by the operation rod 45 is determined by the 
amount of electric power fed to the electromagnetic coil 
42. When the moving iron core 44 or the operation rod 
45 moves downward in Fig. 1 due to the electric current 
35 supplied to the electromagnetic coil 42, then, the first 
lever 51 , second lever 52, third lever 53 and fourth lever 
54 are moved from the positions indicated by solid lines 
and broken lines to the positions indicated by two-dot 
chain lines in Fig. 1 . As a result, the shift lever 37 is op- 
40 erated by the operation portion 541 of the fourth lever 
54 to move from the first select position SP1 indicated 
by the solid line in Fig. 2 up to the fourth select position 
SP4. 

[0026] As shown in Fig. 2, the select actuator 4 of the 
^5 illustrated embodiment has a select position-limiting 
mechanism 6 for limiting the position of the shift lever 
37 to the first select position SP1 , to the second select 
position SP2, to the third select position SP3 or to the 
fourth select position SP4 in cooperation with the mag- 
50 nitude of thrust produced by the moving iron core 44, i. 
e., by the operation rod 45 that varies in response to the 
amount of electric power fed to the electromagnetic coil 
42 of the electromagnetic solenoid 40. The select posi- 
tion-limiting mechanism 6 has, at the central portion of 
55 the control shaft 35, the first moving ring 61 and the sec- 
ond moving ring 62 arranged so as to slide in the axial 
direction on the right side of the mounting portion 371 
of the shift lever 37 in Fig. 2. The first moving ring 61 is 
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limilod from moving toward the left in Fig. 2 by the first 
stopper 3a formed on the inner peripheral surface of the 
casing 3. The second moving ring 62 is limited from 
moving toward the left in Fig. 2 by the second stopper 
3b formed on the inner peripheral surface of the casing 
3 and on the right side in Fig. 2 at a predetermined dis- 
tance from the first stopper 3a : and is limited from mov- 
ing toward the right in Fig. 2 by the third stopper 3c 
formed on the inner peripheral surface of the casing 3 
and on the right side of the second stopper 3b in Fig. 2. 
Therefore : the second moving ring 62 is allowed to move 
between the second stopper 3b and the third stopper 
3c. The first moving ring 61 has a diameter smaller than 
the inner diameter of the second stopper 3b and is, 
hence, allowed to move toward the right in Fig. 2 beyond 
the second stopper 3b. 

[0027] The first compression coil spring 63 is ar- 
ranged between the first moving ring 61 and the mount- 
ing portion 371 of theshift lever 37, and thesecond com- 
pression coil spring 64 is arranged between the first 
moving ring 61 and the second moving ring 62. Further, 
the third compression coil spring 65 is arranged be- 
tween the second'moving ring 62 and the third stopper 
3c. The spring force of the second compression coil 
spring 64 is set to be greater than the spring force of the 
first compression coil spring 63, and the spring force of 
the third compression coil spring 65 is set to be greater 
than the spring force of the second compression coil 
spring 64. Therefore, the first moving ring 61 is brought 
into contact with the first stopper 3a, and the second 
moving ring 62 is brought into contact with the second 
stopper 3b. 

[0028] The select actuator 4 of the illustrated embod- 
iment is constituted as described above. The function 
will be described hereinbeiow. 

[0029] When no electric power is fed (no electric cur- 
rent is fed) to the electromagnetic coil 42 constituting 
the electromagnetic solenoid 40 of the select actuator 
4, the moving iron core 44 constituting the electromag- 
netic solenoid 40, operation rod 45 and select operation 
mechanism 50 are positioned in states shown by solid 
lines in Fig. 1 . And, the first moving ring 61 and the sec- 
ond moving ring 62 constituting the select position-lim- 
iting mechanism 6 are positioned in states shown in Fig. 
2, where the spring forces are balanced among the first 
compression coil spring 63, second compression coil 
spring 64 and third compression coil spring 65. As a re- 
sult, the shift lever 37 is brought to the first select posi- 
tion SP1. The first select position SP1 is set to the re- 
verse gear-first gear select position as described above. 
In case the electromagnetic solenoid 40 becomes de- 
fective, therefore : the select actuator 4 brings the shift 
lever37tothe reverse-first gear select position. Namely, 
in case the electromagnetic solenoid 40 becomes out of 
order, the transmission can be shifted to the first speed 
gear with which the vehicle starts moving or to the re- 
verse gear, and the vehicle can be driven to a predeter- 
mined place such as a repair shop. 



[0030] When a voltage of., for example.. 2 V is applied 
to the electromagnetic coil 42 constituting the electro- 
magnetic solenoid 40 of the select actuator 4 in a state 
shown in Figs. 1 and 2. the moving iron core 44 is at- 
tracted by the fixed iron core 43 ; whereby the moving 
iron core 44 and the operation rod 45 produce a thrust 
toward the downward direction in Fig. 1 . As a result, the 
levers constituting the select operation mechanism 50 
are operated to move in the directions shown by two- 
dot chain lines from the states shown by solid lines in 
Fig. 1 , whereby, as shown in Fig. 3(a), the shift lever 37 
moves toward the right overcoming the spring force of 
the first compression coil spring 63. And, the shift lever 
37 comes to a halt at a position where the right end sur- 
face of the mounting portion 371 comes into contact with 
the first moving ring 61 , and is brought to the second 
select position SP2 as shown in Fig. 3(a). 
[0031] Next, when a voltage of, for example, 4 V is 
applied to the electromagnetic coil 42 constituting the 
electromagnetic solenoid 40 of the select actuator 4, the 
moving iron core 44 and the operation rod 45 produce 
an increased thrust toward the downward direction. As 
a result, the levers constituting the select operation 
mechanism 50 are operated to further move in the di- 
rections shown by two-dot chain lines from the states 
shown by solid lines in Fig. 1 , whereby, as shown in Fig. 
3(b) : the shift lever 37 further moves toward the right in 
the drawing in a state of it being in contact with the first 
moving ring 61 overcoming the spring forces of the first 
compression coil spring 63 and the second compression 
coil spring 64. And, the shift lever 37 comes to a halt at 
a position where the first moving ring 61 comes into con- 
tact with the second moving ring 62, and is brought to 
the third select position SP3 as shown in Fig. 3(b). 
[0032] Next, when a voltage of, for example, 8 V is 
applied to the electromagnetic coil 42 constituting the 
electromagnetic solenoid 40 of the select actuator 4, the 
moving iron core 44 and the operation rod 45 produce 
a further increased thrust toward the downward direc- 
tion. As a result, the levers constituting the select oper- 
ation mechanism 50 are operated to move to the posi- 
tions shown by two-dot chain lines in Fig. 1, whereby, 
as shown in Fig. 3(c), the shift lever 37 further moves 
toward the right in the drawing in a state where the first 
moving ring 51 is in contact with the second moving ring 
62 overcoming the spring forces of the first compression 
coil spring 63, the second compression coil spring 64 
and the third compression coil spring 65. And, the shift 
lever 37 comes to a halt at a position where the second 
moving ring 62 comes into contact with the third stopper 
3c, and is brought to the fourth select position SP4 as 
shown in Fig. 3(c). 

[0033] As described above, the select actuator 4 con- 
stituting the gear change device 2 actuates the shift le- 
ver 37 which is supported in the casing 3 so as to be 
allowed to slide in the axial direction and to turn, by using 
the electromagnetic solenoid 40, and has improved du- 
rability since it has no rotary mechanism. Unlike the ac- 
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tuator that uses an electric motor, further, the select ac- 
tuator 4 does not require a speed reduction mechanism 
constituted by a ball-screw mechanism or a gear mech- 
anism and hence, can be constituted in a compact size 
and operated at an increased speed. Besides, the illus- 
trated, select actuator 4 has a select position-limiting 
mechanism 6 and is constituted to bring the shift lever 
37 to any one of a plurality of select positions depending 
upon the thrust produced by the operation rod 45 that 
varies in response to the amount of electric power fed 
to the electromagnetic coil 42. Thus, any of the plurality 
of select positions can be selected by using a single 
electromagnetic solenoid, enabling the gear change de- 
vice to be constructed in a compact size and at a low 
cost. 

[0034] Next, the shift actuator 7 according to the em- 
bodiment of the present invention will be described with 
reference chiefly to Fig. 4. 

[0035] The illustrated shift actuator 7 has the first 
electromagnetic solenoid 70 and the second electro- 
magnetic solenoid 80 as a source of drive for turning the 
control shaft 35 in the direction of shift, and an operation 
lever 90 operated by the above two electromagnetic so- 
lenoids to turn the control shaft 35. The first electromag- 
netic solenoid 70 and the second electromagnetic sole- 
noid 80 are arranged in parallel with each other below 
the control shaft 35, so as to operate in the upward and 
downward directions, and are mounted on a shift actu- 
ator-mounting portion 32 at an end of the casing 3 by a 
fitting means 701 such as bolts and nuts. The operation 
lever 90 has a pin hole 91 formed in the intermediate 
portion thereof, and has coupling portions 92 and 93 at 
both end portions thereof. The thus formed operation 
lever 90 is inserted into a hole 352 that is so formed in 
an end portion of the control shaft 35 as to intersect the 
axis thereof at right angles, and is mounted on the con- 
trol shaft 35 by inserting a pin 94 in a pin hole 353 formed 
in the control shaft 35 and in the pin hole 91 . 
[0036] Next, the first electromagnetic solenoid 70 will 
be described. 

[0037] The first electromagnetic solenoid 70 has the 
same constitution as that of the electromagnetic sole- 
noid 40 of the select actuator 4 described above, and 
comprises a cylindrical casing 71 , an electromagnetic 
coil 72 wound on an annular bobbin 77 which is ar- 
ranged in the casing 71 and is made of a nonmagnetic 
material such as a synthetic resin or the like, a fixed iron 
core 73 which is arranged in the electromagnetic coil 72 
and is formed of a magnetic material, a moving iron core 
74 which is formed of a magnetic material and is ar- 
ranged coaxially with the fixed iron core 73 being op- 
posed to one end surface of the fixed iron core 73, an 
operation rod 75 which is formed of a nonmagnetic ma- 
terial such as a stainless steel or the like and is arranged 
to slide in the axial direction with its one end being 
mounted on the moving iron core 74 and its other end 
penetratingthrough a hole 731 formed in the central por- 
tion of the fixed iron core 73, and a cover 76 mounted 



10 

on one end of the cylindrical casing 71 by using screws 
78. A ball joint 750 is provided at the other end portion 
of the operation rod 75 that constitutes the first electro- 
magnetic solenoid 70. A coupling portion 92 formed at 
5 one end of the operation lever 90 is slidably coupled to 
the ball joint 750. When an electric current is fed to the 
electromagnetic coil 72 of the thus constituted first elec- 
tromagnetic solenoid 70, the moving iron core 74 is at- 
tracted by the fixed iron core 73. As a result, the oper- 
*o ation rod 75 mounted on the moving iron core 74 moves 
upward in Fig. 3, whereby the operation lever 90 which 
is coupled, at its one end, to the operation rod 75 at the 
coupling portion 92 turns counterclockwise in Fig. 3 on 
the control shaft 35. Thereby, the control shaft 35 mount- 
's ing the operation lever 90 turns, and the shift lever 37 
spline-fitted to the control shaft 35 is shifted in the first 
direction. 

[0038] Next, the second electromagnetic solenoid 80 
will be described. 

20 [0039] Like the first electromagnetic solenoid 70, the 
second electromagnetic solenoid 80, too, comprises a 
cylindrical casing 81 , an electromagnetic coil 82 wound 
on an annular bobbin 87 which is arranged in the casing 
81 and is made of a nonmagnetic material such as a 

25 synthetic resin or the like, a fixed iron core 83 which is 
arranged in the electromagnetic coil 82 and is formed of 
a magnetic material, a moving iron core 84 which is 
formed of a magnetic material and is arranged coaxially 
with the fixed iron core 83 being opposed to one end 

30 surface of the fixed iron core 83, an operation rod 85 
which is formed of a nonmagnetic material such as a 
stainless steel or the like and is arranged so as to slide 
in the axial direction with its one end being mounted on 
the moving iron core 84 and its other end penetrating 

35 through a hole 831 formed in the central portion of the 
fixed iron core 83, and a cover 86 mounted on one end 
of the cylindrical casing 81 by using screws 88. A ball 
joint 850 is provided at the other end portion of the op- 
eration rod 85 that constitutes the second electromag- 

<to netic solenoid 80. A coupling portion 93 formed at the 
other end of the operation lever 90 is slidably coupled 
to the ball joint 850. When an electric current is fed to 
the electromagnetic coil 82 of the thus constituted sec- 
ond electromagnetic solenoid 80, the moving iron core 

45 84 is attracted by the fixed iron core 83. As a result, the 
operation rod 85 mounted on the moving iron core 84 
moves upward in Fig. 3, whereby the operation lever 90 
coupled, at its one end, to the operation rod 85 at the 
coupling portion 93 turns clockwise in Fig. 3 on the con- 

50 trol shaft 35. Thereby, the control shaft 35 mounting the 
operation lever 90 turns, and the shift lever 37 spline- 
fitted to the control shaft 35 is shifted in the second di- 
rection. 

[0040] As described above, the shift actuator 7 of the 
55 illustrated embodiment comprises the first electromag- 
netic solenoid 70 and the second electromagnetic sole- 
noid 80 arranged in parallel with each other below the 
control shaft 35 mounting the shift lever 37 so as to op- 
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erate in the upward and downward directions, and an 
operation lever 90 mounted at its intermediate portion 
on the control shaft 35. Since the operation rod 75 of the 
first electromagnetic solenoid 70 is coupled to one end 
of the operation lever 90 and the operation rod 85 of the 
second electromagnetic solenoid 80 is coupled to the 
other end of the operation lever 90 . the effects of gravity 
acting on the moving iron cores 74 and 84 that mount 
the operation rods 75 and 85 respectively are offset 
each other. The first electromagnetic solenoid 70 and 
the second electromagnetic solenoid 80 are arranged 
to operate in the upward and downward directions as 
described above and hence, are not affected by the ac- 
celeration or deceleration of the vehicle. At the same 
time, the moving iron cores 74 and 84 can have very 
small slide resistance. Therefore, the shift actuator 7 of 
the illustrated embodiment produces a constant shifting 
force at all times correspondingly to the electric power 
fed lo the electromagnetic coil 72 of the first electromag- 
netic solenoid 70 and to the electromagnetic coil 82 of 
the second electromagnetic solenoid 80. 
[0041] The gear change device 2 of the illustrated em- 
bodiment has a selected position sensor 1 0 for detecting 
a position of the shift lever 37 in the axial direction, i.e., 
in the direction of selection. The selected position sen- 
sor 10 comprises a potentiometer, and its rotary shaft 
101 is mounted to one end portion of the lever 102. An 
engaging pin 103 attached to the other end portion of 
the lever 1 02 is engaged with the engaging groove 371 c 
formed in the side surface of the mounting portion 371 
of the shift lever 37. Therefore, when the shift lever 37 
moves toward the right or left in Fig. 2, the lever 101 
swings on the rotary shaft 1 01 , whereby the rotary shaft 
1 01 turns to detect the operating position of the shift le- 
ver 37 in the axial direction, i.e., the position of the shift 
lever 37 in the direction of selection. 
[0042] Further, the gear change device 2 of the illus- 
trated embodiment includes a shift stroke position sen- 
sor 1 1 for detecting a rotational position of the shift lever 
37, i.e., for detecting the shift stroke position of the shift 
lever 37. The shift stroke position sensor 11 is mounted 
on the other end (left end in Fig. 2) of the casing 31 . The 
shift stroke position sensor 11 is a potentiometer, and 
its rotary shaft 111 is coupled to the other end of the 
control shaft 35 that is spline-fitted to the shift lever 37. 
When the shift lever 37 turns, therefore, the control shaft 
35 turns to detect the rotational position of the shift lever 
37, i.e., the shift stroke position thereof. 
[0043] As described above, in the gear change device 
2 of the illustrated embodiment, the electromagnetic so- 
lenoid 40 that constitutes the select actuator 4, and the 
first electromagnetic solenoid 70 and the second elec- 
tromagnetic solenoid 80 that constitute the shift actuator 
7 are arranged on one end side of the casing that con- 
stitutes the select actuator 3, while the shift stroke po- 
sition sensor 11 for detecting the turning amount of the 
shift lever 37, i.e.. of the control shaft 35 is arranged on 
the other end side of the casing. Therefore, the shift 
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stroke position sensor 1 1 is not affected by the magnetic 
field generated by the electromagnetic solenoids. In the 
illustrated embodiment, further, the select position sen- 
sor 10. too, is arranged at the central portion of the cas- 
5 ing and hence, is not affected by the magnetic field gen- 
erated by the electromagnetic solenoids arranged on 
one end side of the casing. 

[0044] Next, the shift actuator 7a according to another 
embodiment of the present invention will be described 

10 with reference to Figs. 5 to 7. In the embodiment shown 
in Figs. 5 to 7, the same members as those of the em- 
bodiment of Figs. 1 to 4 are denoted by the same refer- 
ence numerals, and their description is not repeated. 
[0045] The shift actuator 7a shown comprises the first 

is actuator 70a and the second actuator 80a as a source 
of drive for turning the control shaft 35 in the direction 
of shift, and the operation lever 90 operated by the 
above two actuators to turn the control shaft 35. The first 
actuator 70a and the second actuator 80a are arranged 

20 in parallel with each other below the control shaft 35 to 
operate in the upward and downward directions, and are 
mounted on a shift actuator-mounting portion 32 at an 
end of the casing 3 by a fitting means such as bolts and 
nuts^ 

25 [0046] Next, the first actuator 70a will be described.. 
[0047] The first actuator 70a comprises a casing 71 a, 
an operation rod 72a arranged in the central portion of 
the casing 71a so as to slide in the upward and down- 
ward directions, a magnetic moving member 73a ar- 

30 ranged on the outer peripheral surface of the operation 
rod 72a, a cylindrical fixed yoke 74a arranged on the 
inside of the casing 71 a to surround the magnetic mov- 
ing member 73a, and a pair of coils 75a and 76a ar- 
ranged side by side in the axial direction on the inside 

35 of the fixed yoke 74a. 

[0048] In the illustrated embodiment, the casing 71a 
is formed of a nonmagnetic material such as a stainless 
steel or an aluminum alloy in a cylindrical shape. The 
operation rod 72a is made of a nonmagnetic material 

^o such as a stainless steel or the like and has a ball joint 
750 at an upper end thereof. The coupling portion 92 
formed at an end portion of the operation lever 90 is sl- 
idably coupled to the ball joint 750. 
[0049] The magnetic moving member 73a is consti- 

45 tuted by an annular permanent magnet 731a mounted 
on the outer peripheral surface of the operation rod 72a 
and having magnetic poles at both end surfaces in the 
axial direction and by a pair of moving yokes 732a and 
733a arranged on the outer side of the permanent mag- 

50 net 731a in the axial direction. The permanent magnet 
731a of the illustrated embodiment is magnetized into 
the N-pole at the upper end surface in Fig. 5 and is mag- 
netized into the S-pole at the lower end surface in Fig. 
5. The above pair of moving yokes 732a and 733a is 

55 formed of a magnetic material in an annular shape. The 
thus constituted magnetic moving member 73a is posi- 
tioned at its both sides by snap rings 734a and 735a 
mounted to the operation rod 72a, and is limited from 
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moving in the axial direction. 

[0050] The fixed yoke 74a is formed of a magnetic ma- 
terial in a cylindrical shape and is mounted on the inner 
peripheral surface of the casing 71 a. A pair of coils 75a 
and 76a is arranged on the inside of the fixed yoke 74a. 5 
The pair of coils 75a and 76a is wound on a bobbin 77a 
that is made of a nonmagnetic material such as a syn- 
thetic resin and is mounted along the inner periphery of 
the fixed yoke 74a. The pair of coils 75a and 76a is con- 
nected to a power source circuit that is not shown. In the 10 
illustrated embodiment, magnetic members 781a and 
782a are arranged in the bobbin 77a on both sides of 
the pair of coils 75a and 76a. The magnetic members 
781 a and 782a are formed of a magnetic material such 
as iron or the like, in an annular shape. 15 
[0051] An end wall 79a is mounted on an upper end 
portion of the casing 71 a. The upper end wall 79a is 
formed of a nonmagnetic material such as a stainless 
sleeL aluminum alloy or a suitable synthetic resin. Holes 
791 a and 71 1 a are respectively formed in the end wall 20 
79a and in the lower end wall 71 0a of the casing 71a at 
the central portions thereof enabling the operation rod 
72a to pass through. The operation rod 72a is arranged 
passing through the holes 791a and 711a, and is sup- 
ported by the inner peripheral surfaces of the holes 791 a 25 
and 711a so as to slide in the axial direction. 
[0052] Next, the second actuator 80a will be de- 
scribed. 

[0053] The second actuator 80a has substantially the 
same constitution as the above first actuator 70a. There- 30 
fore, the same members are denoted by the same ref- 
erence numerals and their description is not repeated. 
A ball joint 850 is provided at the upper end of the op- 
eration rod 72athat constitutes the second actuator 80a, 
and the coupling portion 93 provided at the other end of 35 
the operation lever 90 is slidably coupled to the ball joint 
850. 

[0054] The actuator 7a of the illustrated embodiment 
is constituted as described above. The operation will 
now be described with reference to Fig. 6. 40 
[0055] The first actuator 70a and the second actuator 
80a constituting the shift actuator 7a operate, respec- 
tively, based on the principle of a linear motor constitut- 
ed by the magnetic moving member 73a arranged on 
the operation rod 72a, fixed yoke 74a and the pair of 45 
coils 75a and 76a. The operation will now be described 
with reference to Fig. 6. 

[0056] The first actuator 70a and the second actuator 
80a form a magnetic circuit 730a, as shown in Figs. 6 
(a) to 6(d), passing through the N-pole of the permanent so 
magnet 731 a, one moving yoke 732a, one coil 75a, fixed 
yoke 74a, other coil 76a, other moving yoke 733a and 
S-pole of the permanent magnet 731 a. 
[0057] When the electric currents are supplied to the 
pair of coils 75a and 76a in the opposite directions 55 
shown in Fig. 6(a) in a state of the operation rod 72a 
locating at the neutral position shown in Fig. 6(a), the 
magnetic moving member 73a or the operation rod 72a 



produces a downward thrust as indicated by an arrow 
in Fig. 6(a) according to the Fleming's left-hand rule. 
Meanwhile, when the electric currents are supplied to 
the pair of coils 75a and 76a in the opposite directions 
shown in Fig. 6(b) (opposite to that of Fig. 6(a)) in a state 
of the operation rod 72a locating at the neutral position, 
the magnetic moving member 73a or the operation rod 
72a produces an upward thrust as indicated by an arrow 
in Fig. 6(b) according to the Fleming's left-hand rule. 
[0058] Therefore, when the electric currents are sup- 
plied, in the directions shown in Fig. 6(a), to the pair of 
coils 75a, 76a of the first actuator 70a and the electric 
currents are supplied, in the directions shown in Fig. 6 
(b), to the pair of coils 75a, 76a of the second actuator 
80a, the operation rod 72a of the first actuator 70a 
moves downward and the operation rod 72a of the sec- 
ond actuator 80a moves upward. As a result, the control 
shaft 35 turns in the clockwise direction in Fig. 5 via the 
operation lever 90 which is coupled to the operation rod 
72a of the first actuator 70a and to the operation rod 72a 
of the second actuator 80a via ball joints 750 and 850. 
Therefore, the shift lever 37 spline-fitted to the control 
shaft 35 is shifted in the first direction. As the magnetic 
moving member 73a or the operation rod 72a of the first 
actuator 70a reaches the position shown in Fig. 6(c) and 
the operation rod 72a of the second actuator 80a reach- 
es the position shown in Fig. 6(d), it is, then, judged that 
the controller (not shown) has moved to the one shift 
stroke end, i.e., to the gear-engaging position in re- 
sponse to a signal from the shift stroke position sensor 
1 1 , and the electric current is interrupted from being sup- 
plied to the pair of coils 75a, 76a of the first actuator 70a 
and to the pair of coils 75a, 76a of the second actuator 
80a. 

[0059] On the other hand, when the electric currents 
are supplied, in the directions shown in Fig. 6(b), to the 
pair of coils 75a, 76a of the first actuator 70a and the 
electric currents are supplied, in the directions shown in 
Fig. 6(a), to the pair of coils 75a, 76a of the second ac- 
tuator 80a, the operation rod 72a of the first actuator 70a 
moves upward and the operation rod 72a of the second 
actuator 80a moves downward. As a result, the control 
shaft 35 turns in the counterclockwise direction in Fig. 
5 via the operation lever 90 which is coupled to the op- 
eration rod 72a of the first actuator 70a and to the op- 
eration rod 72a of the second actuator 80a via ball joints 
750 and 850. Therefore, the shift lever 37 spline-fitted 
to the control shaft 35 is shifted in the second direction. 
As the magnetic moving member 73a or the operation 
rod 72a of the first actuator 70a reaches the position 
shown in Fig. 6(d) and the operation rod 72a of the sec- 
ond actuator 80a reaches the position shown in Fig. 6 
(c), it is : then, judged that the controller (not shown) has 
moved to the one shift stroke end, i.e., to the gear-en- 
gaging position in response to a signal from the shift 
stroke position sensor 11 , and the electric current is in- 
terrupted from being supplied to the pair of coils 75a, 
.76a of the first actuator 70a and to the pair of coils 75a, 
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76a of the second actuator 80a. 

[0060] Here, the driving forces of the first actuator 70a 
and of the second actuator 80a constituting the shift ac- 
tuator 7a will be described with reference to Fig. 7. 
[0061] Fig. 7(a) illustrates the driving force of the first 5 
actuator 70a at the time when the magnetic moving 
member 73a or the operation rod 72a of the first actuator 
70a is to be moved downward, and Fig. 7(b) illustrates 
the driving force of the second actuator 80a. Conversely, 
Fig. 7(b) illustrates the driving force of the first actuator 10 
70a at the time when the magnetic moving member 73a 
or the operation rod 72a of the first actuator 70a is to be 
moved upward, and Fig. 7(a) illustrates the driving force 
of the second actuator 80a. In Figs. 7(a) and 7(b) 5 bro- 
ken lines (B) represent thrust characteristics based on is 
the principle of a linear motor constituted by the mag- 
netic moving member 73a, fixed yoke 74a and the pair 
of coils 75a, 76a; dot-dash chain lines (C) represent the 
attracting forces between the permanent magnet 731a 
and the magnetic member 781a; dot-dash chain lines 20 
(D) represent the attracting forces between the perma- 
nent magnet 731 a and the magnetic member 782a; and 
solid lines (A) represent the driving forces of the first ac- 
tuator 70a and of the second actuator 80a at the time 
when an electric current is supplied to the pair of coils 25 
75a, 76a. That is, the driving forces of the first actuator 
70a and of the second actuator 80a of when the electric 
current is supplied to the pair of coils 75a, 76a, repre- 
sented by the solid lines (A), are the synthesis of the 
thrusts represented by the broken lines (B) based on the 30 
principle of the linear motor constituted by the magnetic 
moving member 73a, the fixed yoke 74a and the pair of 
coils 75a, 76a, and the attracting forces between the 
permanent magnet 731a and the magnetic members 
781 , 782a, represented by dot-dash chain lines (C) and 35 
(D). 

[0062] The first actuator 70a and the second actuator 
80a in the illustrated embodiment have a pair of mag- 
netic members 781a and 782a arranged on both sides 
of the pair of coils 75a and 76a. Even when no electric 40 
current is supplied to the pair of coils 75a, 76a, therefore, 
the attractive force is produced between the permanent 
magnet 731 a and the magnetic materials 781a, 782a as 
represented by dot-dash chain lines (C) and (D). The 
attractive force increases as the permanent magnet 45 
731a, the moving yokes 732a, 733a and the magnetic 
member 781a or 782a approach each other, and be- 
comes the greatest at the shift stroke end. When ; for 
example, the first actuator 70a moves the magnetic 
moving member 73a or the operation rod 72a downward so 
from the state shown in Fig. 6(d), the attractive force 
between the permanent magnet 731a and the magnetic 
member 781a works to prevent the motion toward the 
neutral position from the gear-engaged position, i.e., to 
prevent the gear of the transmission from being disen- 55 
gaged or, in other words, works as a self-holding func- 
tion. Here, the second actuator 80a works to move the 
magnetic moving member 73a or the operation rod 72a 



upward from the state of Fig. 6(c) : and the attracting 
force between the permanent magnet 731a and the 
magnetic member 782a works to prevent the motion to- 
ward the neutral position from the gear-engaged posi- 
tion, i.e., to prevent the gear of the transmission from 
being disengaged. Thus, at the gear-engaged position, 
the permanent magnet 731a of the magnetic moving 
member 73a and the magnetic members 781 a, 782a of 
the first actuator 70a and the second actuator 80a s work 
to prevent the gear of the transmission from being dis- 
engaged, i.e., work as a self-holding function. In order 
to prevent the gear from being disengaged, in general, 
the shifting mechanism of the transmission is provided 
with a detent mechanism for holding the state of being 
actuated to the shift stroke end, i.e., being actuated to 
the gear-engaging position. In the first actuator 70a and 
the second actuator 80a, the attractive force between 
the permanent magnet 731 a of the magnetic moving 
member 73a and the magnetic members 781a, 782a 
near the shift stroke end, serves as a detent function. 
[0063] As described above, the shift actuator 7a of the 
above illustrated embodiment comprises the first actu- 
ator 70a and the second actuator 80a arranged in par- 
allel with each other below the control shaft 35 mounting 
the shift lever 37 in such a manner as to move in the 
upward and downward directions, and the operation le- 
ver 90 mounted at its intermediate portion on the control 
shaft 35. Since the operation rod 72a of the first actuator 
70a is coupled to an end portion of the operation lever 
90 and the operation rod 72a of the second actuator 80a 
is coupled to the other end portion of the operation lever 
90, the effects of gravity acting on the operation rod 72a 
and on the magnetic moving member 73a of the first ac- 
tuator 70a and of gravity acting on the operation rod 72a 
and on the magnetic moving member 73a of the second 
actuator 80a can be offset each other. Further, the first 
actuator 70a and the second actuator 80a are arranged 
so as to operate in the upward and downward directions 
as described above and hence, are not affected by the 
acceleration or deceleration of the vehicle and at the 
same time, the operation rods 72a, 72a, too, can have 
very small'slide resistance. Therefore, the shift actuator 
7a of the illustrated embodiment produces a constant 
operation force at all times correspondingly the electric 
power supplied to the pair of coils 75a, 76a of the first 
actuator 70a, and to the pair of coils 75a, 76a of the sec- 
ond actuator 80a. 



Claims 

1. A shift actuator for a transmission for turning, in a 
direction of shift, a shift lever support mechanism 
(35) mounting a shift lever (37) of the transmission, 
wherein: 

it comprises an operation lever (45) coupled, at 
its intermediate portion, to said shift lever sup- 
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port mechanism (35), the first electromagnetic 
solenoid (40) and the second electromagnetic 
solenoid which are each coupled to both ends 
of said operation lever so as to operate in the 
upward and downward directions, and 5 
an operation rod (45) of said first electromag- 
netic solenoid (40, 70) is coupled to one end of 
said operation lever and an operation rod of 
said second electromagnetic solenoid (80) is 
coupled to the other end of said operation lever. 10 

2. A shift actuator for a transmission according to 
claim 1 , wherein said shift lever support mechanism 
(35) is arranged nearly in a horizontal state, and 
said first electromagnetic solenoid (70) and said 15 
second electromagnetic solenoid (80) are arranged 
below said shift lever support mechanism. 

3. A shift actuator for a transmission for turning, in a 
direction of shift, a shift lever support mechanism so 
(35) mounting the shift lever of the transmission, 
wherein: 

it comprises an operation lever (45) coupled, at 
its intermediate portion, to said shift lever sup- 25 
port mechanism (35), a first actuator (70a) and 
a second actuator (80a) coupled to both ends 
of said operation lever so as to operate in the 
upward and downward directions; 
each of said first actuator (70a) and said sec- 30 
ond actuator (80a) comprises an operation rod 
(72a; 82a) coupled to said operation lever, a 
magnetic moving member (73a; 83a) arranged 
on the outer peripheral surface of said opera- 
tion rod, a cylindrical fixed yoke (74a; 84a) ar- 35 
ranged to surround said magnetic moving 
member (73a; 83a), and a pair of coils (75a, 
76a; 85a, 86a) arranged side by side in the axial 
direction inside said fixed yoke (74a; 84a). 

40 

4. A shift actuator for a transmission according to 
claim 3, wherein said shift lever support mechanism 
(35) is arranged nearly in a horizontal state, and 
said first electromagnetic solenoid (70) and said 
second electromagnetic solenoid (80) are arranged 45 
below said shift lever support mechanism (35). 

5. A shift actuator for a transmission according to 
claim 3, wherein the magnetic members are ar- 
ranged on both sides of said pair of coils. so 

6. A shift actuator for a transmission according to 
claim 5, wherein said magnetic members are ar- 
ranged in the bobbins on which said pair of coils is 
wound. 55 
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